Introduction {#Sec1}
============

MRI is used for imaging of internal body tissues and organs, and provides excellent tissue contrast. However, improved contrast enhancement can be achieved by the use of contrast media, which has greatly enhanced the diagnostic accuracy of this imaging modality.

Gadolinium, which is widely used as a contrast agent, is intrinsically toxic, in part, by blocking calcium channels. Gadolinium must be chelated with an appropriate ligand to allow clinical use. These gadolinium complexes can be linear or macrocyclic.\[[@CR1]\] Extracellular gadolinium-chelates are distributed throughout the extracellular space without crossing the normal blood-brain barrier, and are therefore efficient for detecting pathologic abnormalities, including brain metastases as well as detailed characterization of parenchymal lesions and lymph nodes. The clinical benefit associated with the use of gadolinium-chelates has been clearly established over the last 20 years.\[[@CR2]--[@CR6]\]

Most gadolinium-based agents are excreted by the kidneys, but elimination becomes problematic for individuals with reduced kidney function.\[[@CR7]\] Gadolinium-containing contrast agents are rapidly cleared with a half-life of approximately 2 hours in patients with normal renal function, while in those with chronic renal failure this clearance may exceed 30--120 hours.\[[@CR8]\]

A primary concern with all MRI contrast agents is safety. The safety profile of gadolinium-based contrast agents seems to be superior to that of iodinated contrast molecules used for x-ray based procedures.\[[@CR9]\] Minor adverse effects associated with gadolinium-based agents include nausea, headache, and taste perversion.\[[@CR9]\] A number of gadolinium agents are available and although they cannot be distinguished on the basis of their mild adverse effects, recent studies have highlighted chelate stability and safety issues.\[[@CR9]\] Therefore, the stability of gadolinium-contrast agents seems to be an important factor in the pathogenesis of the serious complication of nephrogenic systemic fibrosis (NSF), and, in particular, clinical observations associated with the least stable of gadolinium-contrast agents. Importantly, it was demonstrated in 2006 that some gadolinium-based contrast agents may trigger the development of NSF in patients with impaired renal function.\[[@CR8]\] Consequently, the European Medicines Agency (EMA) ruled that the use of gadodiamide, gadoversetamide, and gadopentate dimeglumine in patients with a glomerular filtration rate (GFR) \<30 mL/min/1.73 m^2^ was contraindicated and that these agents should only be used with caution in patients with moderately reduced kidney function (30--60 mL/min/1.73 m^2^).

Among the gadolinium-based contrast media available in clinical practice, gadoterate meglumine (Gd-DOTA, Magnescope® in Japan, Dotarem® in other countries), a cyclic ionic gadolinium chelate, is approved for imaging cerebral and spinal lesions with abnormal blood-brain barrier or anomalous vascularity as well as for body imaging. Gd-DOTA has the highest thermodynamic stability (log~10~ K~THERM~ = 25.6), apparent stability (log~10~ Kcond = 19.3), kinetic stability, and decomplexation of all available gadolinium-chelate complexes.\[[@CR1],[@CR9]--[@CR12]\] The safety profile of Gd-DOTA has recently been established in a German post-marketing surveillance study involving more than 24 000 patients who underwent routine MRI examinations.\[[@CR13]\] The German study aimed to assess the diagnostic value and safety of Gd-DOTA in clinical practice, but did not identify the factors that may increase the risk of adverse reactions.

The aim of this Japanese post-marketing surveillance study was to assess the safety and efficacy of Gd-DOTA (registered in Japan in September 2000) in patients undergoing MRI, and to identify factors associated with the onset of adverse reactions. This type of evaluation, mandatory in Japan, is designed to confirm the safety and efficacy of any new drug in several conditions in which the product is routinely used, in contrast with the pre-market, development phase.

Methods {#Sec2}
=======

Study Design and Patient Enrollment Conditions {#Sec3}
----------------------------------------------

This post-marketing surveillance study was conducted according to the protocol submitted by Eiken Chemical Co., Ltd (Tokyo, Japan) in accordance with the Pharmaceutical Affairs Law of Japan. The Pharmaceutical Affairs Act set up a drug re-examination system (i.e. a system that ensures marketers will report on safety and effectiveness of the contrast agents/drugs used in routine medical practice), which usually collects data 6 years after the launch of any product.

As a part of this Act, marketers were instructed by the Ministry of Health, Labor and Welfare to conduct a "drug use-results survey" during that period. A guideline for "drug use-results survey" implementation method defines that marketers shall collect a minimum of 3000 cases during the 3 years after product launch, and its purpose is to assure safety and effectiveness of routine medical treatment or administration of contrast agents.

Therefore, our post-marketing surveillance study was planned to run for at least 3 years following the Japanese launch in April 2001 of the Gd-DOTA vials and syringes (Guerbet, Roissy CdG Cedex, France) and was designed to enroll at least 3000 inpatients and/or outpatients. A continuous surveillance process was followed whereby patients who had been administered Gd-DOTA were registered consecutively until the cases reached the agreed numbers and the defined period of recruitment mentioned in the contract with each hospital site. Informed consent was considered unnecessary for this post-marketing surveillance study.

Patients for whom the contrast agent was indicated and who underwent imaging of the brain/spinal cord and/or trunk/limbs by MRI were enrolled.

Baseline Characteristics {#Sec4}
------------------------

Demographic characteristics (sex, age, weight) and clinical characteristics (patient status \[inpatient/outpatient\], indications for imaging, general condition, health complications, concomitant drugs), as well as Gd-DOTA dose, premedication, and medical history (liver disorder, kidney disorder, history of allergy/adverse reactions to drugs) were obtained. General condition and complication were determined by the physician's appraisal at each site. No specific laboratory tests were required, but if patients had liver disorder and/or kidney disorder, the reports of the following tests conducted in routine medical practice were obtained: AST, ALT, alkaline phosphatase (ALP), lactate dehydrogenase (LDH), and γ-glutamyl transferase (γ-GT), total bilirubin for liver disorders, and serum creatinine and blood urea nitrogen (BUN) for kidney disorders.

Safety Evaluation {#Sec5}
-----------------

After administration of Gd-DOTA, adverse events for outpatients were recorded up to at least 2 hours on-site or until they left the MRI suite, and inpatients were followed up for several days (during their hospitalization). Every adverse event occurring during observation in routine medical practice was recorded in the case report form.

Patient baseline characteristics were used to explore factors that might predict a greater likelihood of acute non-renal adverse reactions. Late and very late adverse reactions were not systematically studied.

In addition, the main subsets of patients who were submitted to specific surveillance for adverse reactions were: (i) those who received Gd-DOTA \>0.1 mL/kg in whom the kidney was the imaging target; (ii) those with decreased kidney function; (iii) those with decreased liver function; (iv) pediatric patients (\<15 years); and (v) elderly patients (≥65 years).

Skin biopsy and inspection of the skin of the patients with reduced renal function 3 months after Gd-DOTA exposure were not planned in this study.

Efficacy Evaluation {#Sec6}
-------------------

The efficacy of Gd-DOTA as an image-enhancing agent was assessed by the physician's appraisal according to the following four grades: (i) 'very effective' (i.e. diagnostic performance highly improved); (ii) 'effective' (i.e diagnostic performance improved); (iii) 'ineffective' (i.e. examination performed normally but diagnostic performance not improved or necessary information for diagnosis was not obtained); and (iv) 'appraisal impossible' (i.e. when no evaluable image was obtained as a result of the movement and/or lack of cooperation from the patient or when the MRI examination was not performed for whatever reason).

Statistical Evaluation {#Sec7}
----------------------

Descriptive statistics were used for patient baseline characteristics and the frequency of adverse reactions.

Paired t-test analyses were conducted on continuous data and chi-squared tests on categorical data. All comparisons were considered significant with a p-value of \<0.05.

Results {#Sec8}
=======

Patient Characteristics and Datasets Analyzed {#Sec9}
---------------------------------------------

This post-marketing surveillance study was conducted over 4 years (from March 2001 to March 2005). A total of 3480 survey forms were returned from 127 participating institutions in Japan (mean number of cases per institution was 27.4; range 5--100) \[[figure 1](#Fig1){ref-type="fig"}\]. A total of 36 cases were excluded from the analyses because of the inability to confirm continuous surveillance (n = 30), administration of Gd-DOTA outside the survey period (n = 4) or duplicate results (n = 2). Among these 36 cases, two patients experienced adverse reactions of mild intensity (nausea and injection-site inflammation following extravasation). As these two patients received Gd-DOTA outside the period defined in the contract with hospitals, they were excluded from the safety dataset. Consequently, a total of 3444 cases were included in the safety dataset. The characteristics of these patients are detailed in [table I](#Tab1){ref-type="fig"}.

![Process to determine the datasets analyzed.](40268_2012_10030133_Fig1){#Fig1}

![Background summary of patients in the safety dataset (n = 3444)](40268_2012_10030133_Tab1){#Tab1}

For the efficacy population, 18 cases were excluded from the safety dataset because of the following reasons: images not evaluable (n = 9), artefact or equipment malfunction (n = 4), termination due to adverse reaction (n = 3), injection-site extravasation (n = 1), or loss of clinical record (n = 1). Accordingly, the efficacy population comprised 3426 cases ([figure 1](#Fig1){ref-type="fig"}).

Safety {#Sec10}
------

### Adverse Reactions {#Sec11}

A total of 40 adverse reactions were recorded in 32 patients. The incidence of adverse reactions was 0.93% (32 of 3444 patients) compared with 1.33% (11 of 829 patients) in trials conducted prior to approval ([table II](#Tab2){ref-type="fig"}). There were no serious adverse reactions reported during the survey period. Most of the 40 adverse reactions reported were of mild intensity, except for four cases of moderate intensity (two patients with nausea and two with abnormal liver function).

![Incidence of acute non-renal adverse reactions (including infection) to meglumine gadoterate (Gd-DOTA) according to the system organ class and preferred term](40268_2012_10030133_Tab2){#Tab2}

The most frequently reported adverse reactions in the current survey were gastrointestinal disorders (0.49%), abnormal laboratory test results (0.26%), and skin and subcutaneous tissue disorders (0.15%) \[[table II](#Tab2){ref-type="fig"}\]. The incidences of these common adverse reactions found in trials conducted before Gd-DOTA approval were 0.48%, 0%, and 0.48%, respectively.

### Factors Affecting the Onset of Adverse Reactions {#Sec12}

Among the 13 patient baseline characteristics analyzed, sex, age, weight, status, indications, history of allergy/adverse drug reactions, and premedication were not associated with a significantly increased risk of adverse reactions. Conversely, statistically significant risk factors for experiencing adverse reactions were general condition, liver disorder, kidney disorder, complication, concomitant treatments, and Gd-DOTA dose ([table III](#Tab3){ref-type="fig"}).

![Patient background risk factors associated with statistically significant differences in adverse reaction rates](40268_2012_10030133_Tab3){#Tab3}

As shown in [table III](#Tab3){ref-type="fig"}, patients with 'poor' general condition had a greater risk of experiencing an adverse reaction compared with those classified as 'good' or 'fair' (p = 0.0414).

Patients with liver and kidney disorders showed a significantly higher (p \< 0.0001) risk of experiencing an adverse reaction than patients without liver and kidney disorders (see details in the 'Patients with Specific Backgrounds' section).

In addition, the incidence of adverse reactions was statistically significantly higher for patients with complications (p \< 0.0003) than for those with no complications.

Concomitant therapy was used by 1160 patients. Twenty of these patients experienced an adverse reaction compared with only 12 of 2278 patients not using concomitant therapy. Simultaneous use of a concomitant drug was associated with a statistically significantly higher incidence of adverse reactions (p \< 0.0005). The most frequently used concomitant drugs were peptic ulcer drugs (8.4%), vasodilators (6.2%), anti-hypertensive drugs (5.2%), antiepileptic drugs (4.6%), and adrenal hormone drugs (4.5%).

Finally, when analyzing the administration of the Gd-DOTA dose, the incidence of adverse reactions was 0.93% (18 of 1941) in patients receiving Gd-DOTA \>0.1--0.2 mL/kg, and 0.84% (12 of 1437) in patients receiving Gd-DOTA \>0.2 mL/.kg ([table III](#Tab3){ref-type="fig"}). No dose-dependent increase in the incidence of adverse reactions was observed.

### Patients with Specific Backgrounds {#Sec13}

#### Patients Receiving Gd-DOTA \>0.1 mL/kg in Whom the Kidney was the Imaging Target {#Sec14}

MRI analysis of kidneys was performed in 60 patients and 52 of these patients received Gd-DOTA \>0.1 mL/kg (mean Gd-DOTA dose 0.2176 mL/kg; range 0.1176--0.4255 mL/kg). No patients experienced adverse reactions and the results for the kidney function tests (serum creatinine levels) performed in 24 patients were not significantly different before and after Gd-DOTA administration.

#### Patients with Decreased Kidney Function {#Sec15}

Kidney disorders were reported by 98 patients with mild to moderate renal impairment in most cases. The incidence of adverse reactions was significantly higher in patients with kidney disorders than in those with normal kidney function ([table III](#Tab3){ref-type="fig"}; p \< 0.0001). A total of ten adverse reactions (two cases of kidney disorders, two cases of elevated serum creatinine, two cases of nausea, and one case each of elevated blood urea, abnormal kidney function tests, abnormal liver function tests, and sneezing) occurred in eight patients with kidney disorders. Kidney function tests (conducted during routine medical practice) revealed no significant difference in serum creatinine and BUN before and after Gd-DOTA administration ([table IV](#Tab4){ref-type="fig"}).

![Variation in kidney and liver function test values before and after meglumine gadoterate (Gd-DOTA) administration in patients with decreased kidney or liver function](40268_2012_10030133_Tab4){#Tab4}

The incidence of adverse reactions was associated with the type of kidney disorder (kidney failure 25.00% \[4 of 16 cases\], diabetic nephropathy 20.00% \[1 of 5\], other 4.48% \[3 of 67\], nephritis 0% \[0 of 1\]; p = 0.0282) and the severity of kidney disorders ('severe' 30.00% \[3 of 10\], 'moderate' 13.33% \[2 of 15\], 'mild' 4.17% \[3 of 72\]; p = 0.0154).

#### Patients with Impaired Liver Function {#Sec16}

A total of 328 patients had impaired liver function, which was considered to be mild to moderate in most cases. The incidence of adverse reactions was significantly higher in these patients than in those with normal liver function ([table III](#Tab3){ref-type="fig"}; p \< 0.0001). A total of 15 adverse reactions were experienced by 12 patients with liver disorders (four cases of nausea, two cases of abnormal liver function, two cases of abnormal liver function tests, one case each of elevated AST, elevated ALT, kidney disorder, abnormal kidney function tests, abnormal sensation, and two cases of drug eruptions).

Liver function tests (when performed) before and after Gd-DOTA administration revealed a statistically significant decrease in test values for LDH after administration (n = 178; 362.3 IU/L vs 341.1 IU/L, respectively; p = 0.0429), but variations in the levels of AST, ALT, ALP, γ-GT, and total bilirubin were not significant ([table IV](#Tab4){ref-type="fig"}). No significant difference in the incidence of adverse reactions was observed according to underlying causal factor or the severity of the liver disorder.

#### Pediatric Patients (\<15 years) {#Sec17}

There were 41 pediatric patients (age range from 1 month to 14 years and 11 months) at the time of Gd-DOTA administration. The recommended dose of Gd-DOTA is 0.1 mmol/kg (0.2 mL/kg) for adults, children, and infants. The average dose of Gd-DOTA administered was 0.2049 mL/kg. Two children received a dose that was approximately 1.7-fold and 1.9-fold greater than the recommended dose (0.2 mL/kg) for brain/spinal cord imaging in both cases. No adverse reactions were reported for any of the pediatric patients.

#### Elderly Patients (≥65 years) {#Sec18}

Patients aged ≥65 years accounted for 40.3% of patients of the survey (1388 of 3444; [table I](#Tab1){ref-type="fig"}). The incidence of adverse reactions was not significantly different between those aged ≥65 years and those aged 16--64 years (0.79% vs 1.02%; p = 0.492).

Efficacy {#Sec19}
--------

According to the physician's appraisal, Gd-DOTA was scored as 'very effective' or 'effective' in the majority of patients (1075 and 2335 cases, respectively, of 3426 cases in total). Gd-DOTA was considered to be 'ineffective' in only 16 cases. The overall efficacy rate was 99.53% (3410 of 3426 cases), which was similar to the results obtained in trials conducted prior to approval (efficacy rate 90.21% \[553 of 613\]).

Analysis of the factors affecting efficacy revealed that the presence of kidney disorders was associated with a statistically significantly greater likelihood of inefficacy (2.08% vs 0.44% for patients without kidney disorders; p = 0.0247). Other patient characteristics (including sex, age, weight, indications, liver disorder, Gd-DOTA dose) were not associated with any significant differences in efficacy ([table V](#Tab5){ref-type="fig"}).

![Summary of efficacy trial results classified according to risk factors](40268_2012_10030133_Tab5){#Tab5}

Discussion {#Sec20}
==========

This mandatory post-marketing surveillance survey was designed to assess the safety and efficacy of Gd-DOTA for brain/spinal cord and/or trunk/limb imaging in a wide range of patients, following its registration in Japan in September 2000. The results presented in this article show that Gd-DOTA, as used in clinical practice, was associated with a low rate of adverse reactions (\<1%) and was effective as an image-enhancing agent in the majority of patients.

This survey was also designed to identify risk factors for the development of adverse reactions. The analysis showed that statistically significant risk factors for adverse reactions were general condition, liver disorders, kidney disorders, complications, concomitant treatments, and Gd-DOTA dose (although the incidence of adverse reactions was not dose dependent). However, these data should be interpreted cautiously in view of the small number of patients for whom historical and clinical data were available at screening in this study.

The incidence of adverse reactions following Gd-DOTA administration in the majority of published studies to date is less than 1%, ranging from 0.4%\[[@CR13]\] to 0.97%.\[[@CR14]\] The one notable exception is a reported incidence of 17.3%;\[[@CR15]\] however, in this study, the authors noted that 71% of adverse reactions were reported 24 hours after the procedure, which, due to the rapid clearance rate reported for gadolinium-based contrast agents, raises the question as to whether these events were drug related. The most frequently reported adverse reactions in our post-marketing surveillance survey were gastrointestinal disorders (0.49% compared with 0.48% in previous trials conducted before Gd-DOTA approval), laboratory test abnormalities (0.26%), and skin and subcutaneous tissue disorders (0.15% compared with 0.48% in previous trials). Most of the reported adverse reactions were of mild intensity and there were no serious adverse reactions. The results of the current survey are in agreement with a large-scale post-marketing surveillance study conducted in Germany.\[[@CR13]\] Herborn et al.\[[@CR13]\] reported that minor adverse events occurred infrequently (0.4%; 94/24 308 patients) and included nausea (0.17%; 42/24 308 patients), vomiting (0.05%; 13/24 308 patients), feeling of warmth (0.020%; six patients), and taste alterations (0.02%; four patients). Interestingly, patients with liver disease experienced nausea after Gd-DOTA injection significantly more frequently than any other subgroup (p \< 0.001) but for unknown reasons.

Anaphylactoid reactions induced by gadolinium-containing products are rare and although \>15 million patients worldwide have been exposed to Gd-DOTA, there are few published case reports of anaphylactic shock following Gd-DOTA administration. The occurrence of anaphylactic shock in one patient during a large-scale post-marketing surveillance study of Gd-DOTA allowed Herborn and colleagues\[[@CR13]\] to calculate the incidence of anaphylactic shock associated with Gd-DOTA as 0.004%. Indeed, to our knowledge, only four cases of anaphylactic shock have been published\[[@CR13],[@CR16],[@CR17]\] and, in every case, the patient developed an immediate reaction to Gd-DOTA despite the absence of any history of allergy. No patients in the present study experienced an anaphylactoid reaction following Gd-DOTA administration, although 4.44% of patients had a history of allergy or adverse drug reactions.

Several recent publications\[[@CR7],[@CR18]--[@CR21]\] have suggested an association between administration of gadolinium-based contrast agents and NSF, and there appears to be a difference between the various contrast agents in their trigger of NSF.\[[@CR22]\]

Cyclic gadolinium-based contrast agents (such as Gd-DOTA and others) are more stable and less likely to release free gadolinium^3+^,\[[@CR23]\] and to our knowledge, no validated case of NSF has been solely attributed to Gd-DOTA. Based on the results obtained in the current survey and our study design, which did not allow accurate assessment of NSF, it is difficult to draw conclusions about NSF risk for this study. Tsushima et al.\[[@CR24]\] suggested that the small number of reported cases of NSF in Japan compared with the US and Europe can be attributed to the uncommon use of high-dose (\>0.2 mmol/kg) administration of gadolinium-based contrast agents.

The 99.53% global efficacy rate reported in the present study is in line with the study conducted by Herborn et al.\[[@CR13]\] in which the efficacy of Gd-DOTA was rated as 'excellent' or 'very good' in the majority of cases (97.5%). Interestingly, the present survey demonstrated a significantly greater likelihood of inefficacy associated with kidney disorders, whereas Herborn et al.\[[@CR13]\] found that image quality was significantly poorer in patients with a body mass index \>25 kg/m^2^ (p \< 0.001). Unfortunately, detailed reasons for the inefficacy associated with kidney disorder were not declared during our study.

This study is not free of limitations. Logistic regression analysis for evaluating the confounding factors on the onset of adverse reactions was not performed. This post-marketing surveillance study was limited by a lack of clear definitions of general condition and complications that would ensure homogeneity between sites. As contrast-induced nephropathy (CIN) has become a significant source of hospital morbidity, CIN incidence and risk factors have not been evaluated in this survey. Another limitation of this post-marketing surveillance study was the evaluation of only acute non-renal adverse reactions and not delayed ones. Thus, it seems likely that some adverse reactions may have been missed and underreported in this patient cohort. Finally, the use of questionnaires for data collection in such a study limits the quality of the results compared with controlled clinical trials.

Conclusion {#Sec21}
==========

Overall, this post-marketing surveillance study did not reveal any untoward or unexpected findings concerning the safety or efficacy of Gd-DOTA. The low incidence of adverse reactions (\<1%) and the absence of serious adverse reactions reported during the survey period showed that Gd-DOTA was very well tolerated. In conclusion, the use of Gd-DOTA as an MRI-enhancing contrast medium in the clinical practice setting appears to be safe and effective.
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